The 14-year experience with 11 patients undergoing surgical correction of r u p tured aneurysms of the sinus of Valsalva is presented. The age range was from 6 to 60 years at the time of diagnosis and correction. The origin and course of the resultant aortocardiac fistulae were as follows: noncoronary sinus to right atrium, one; right coronary sinus to right ventricle, six; right coronary sinus to right atrium, three; and right coronary sinus to left ventricle, one. All patients were in congestive failure at some time before operation, and in six the onset was sudden. AM evinced a continuous precordial murmur on physical examination. Subacute bacterial endocarditis was documented in three patients and clinically suspected in a fourth. Two patients underwent previous exploratory operation for suspected patent ductus arteriosus. Cardiac catheterization was performed on all and revealed an oxygen increment in the recipient chamber. Cineangiograms outlined the abnormal communication. In two patients ventricular septa1 defect was associated and in one of these, in addition, a prolapsed aortic cusp was noted. Details of surgical management and longterm followup results will be presented. uptured aneurysm of the sinus of Valsalva with resultant cardioaortic fistula, previously regarded as a medical curiosity, is recognized with increasing frequency since its first report in 1839. ' The increased use of more refined techniques of cardiac investigation such as left and right heart catheterization and cineangiography, as well as the availability of safe and effective surgical techniques for repair of these lesions, prompts this review of the surgical management and results achieved with such therapy. The sinuses of Valsalva are defined as "the dilatations of the wall of the most proximate part of the aorta above and lateral to the aortic valve cusps." These are three in number and to avoid confusion we have retained the nomenclature of Walmsley who, in 1929, suggested the classification according to the coronary artery originating from the sinus, the posterior being the noncoronary sinus.
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The etiology of aneurysms of these sinuses has been separated into two groups: congenital and acquired; the latter being secondary to infection or trauma. In early reviews syphilis was the most frequent etiology but more recently bacteria and fungi have become more frequently implicated in the acquired forms. In many instances the etiology is confused by lack of certainty regarding the pathogenesis. In most cases it is impossible to rule out an acquired rupture of a congenital aneurysm unless definite evidence for infective or traumatic process can be delineated. Acquired aneurysms have also been attributed to dissecting aneurysms arising elsewhere in the area and dissecting in a retrograde fashion. In all cases it is only a rupture of the aneurysm with the resultant aortocardiac fistula or, rarely, free rupture into the pericardial sac which causes disability or death.
CHEST, VOL. 64, NO. 5, NOVEMBER, 1973 Over a 14-year period, 11 patients at the Toronto General Hospital and Hospital for Sick Children underwent surgery for aneurysms of the sinuses of Valsalva. As has been noted in previous reviews,2-4 the male-female ratio was 9:2. The age range was from 6 to 60 years, the median age being 29 years. In contrast to other reports, only four of these patients experienced the sudden onset of symptoms. Almost half of these patients had experienced symptoms of congestive heart failure for one year or more. Four adult patients (ages 80, 48, 23, and 22) had earlier sustained and were successfully treated for subacute bacterial endocarditis two months, ten years, two months and three years prior. In two of these patients who had been treated for only two months when the resultant calamity was recognized, the surgery was postponed only in time for attempted sterilization of the anatomic deformity. In three cases in which an organism was isolated, p-hemolytic Streptococcus was the offender (in one patient no organism was isolated).
All of the patients were in congestive heart failure and were under maximum medical therapy when surgery was performed (Table 1 ) . Two patients had undergone exploratory thoracotomy six and three years, respectively, earlier for suspected patent ductus arteriosus. Both of these patients also had a ventricular septal defect and one of these had an incompetent aortic valve (Table 2 ).
All patients had a continuous murmur at the base of the heart, usually most audible from thud to fourth interspace, along the left sternal border. Plain chest roentgenograms reflected the cardiomegaly and showed the expected evidence of pulmonary congestion, consistent with the clinical status. Right and left heart catheterization was performed, revealing an oxygen increment in the recipient chamber. Two Step-up Recip.
patients whose fistulae entered at the level of the tricuspid valve had oxygen gradients at both atrial and ventricular levels (Table 3) . Angiography demonstrated the course and origin of all fistulae. All patients underwent early elective surgical intervention, except for one patient whose operation was performed on the day of catheterization because of intractable congestive failure. This patient, a 28-year-old man, experienced sudden onset of symptoms three days prior to operation. He was otherwise well, with no evidence of endocarditis, both in the clinical course and at the time of surgeny.
Surgical Technique
Surgery was performed on the first patient in May, 1957, by Bigelow,5 with the aid of hypothermia and inflow-occlusion; a fistula from the right coronary sinus to the right ventricle was closed via the right ventricle. The technique for all of the other patients entailed the use of cardiopulmonary bypass and a median sternotomy. Cannulation was performed via both vena cavae and the femoral artery, more recently the ascending aorta being used for arterial return. All fistulae were closed via the recipient chamber, usually by intenupted pledgeted mattress sutures, after excision of the windsock or fistulous tract. In two patients the aorta was opened to inspect the placement of the sutures and insure against interference with the aortic valve cusps. In two patients, repair of the associated ventricular septal defect was performed via either the right ventricle or the aorta (Table 4 ) . Surgical hazards during repair of these lesions include: injury to the conduction system, trauma to the coronary arteries, particularly the right as it courses around the base of the aorta, and distortion of the aortic valve cusps. Precise anatomic knowledge of meticulous surgical techniques, preferably using the bicameral approach, is the best insurance against added trauma. The only mortality involved a patient with a ventricular septal defect and prolapsed aortic valve cusp. Total repair including an aortic valve homograft cusp was performed but irreversible ventricular fibrillation ensued while attempting to discontinue cardiopulmonary bypass. Ten of the patients survived and all were improved, with prompt remission of signs and symptoms of congestive heart failure. One patient manifested a residual diastolic murmur, probably on the basis of insufficiency due to cusp distortion, as in that patient the aortic root was not opened during placement of sutures. Another patient exhibits a continuous murmur but is asymptomatic; hence there has been no further clinical investigation. All of the other patients are without murmur and completely asymptomatic without drug therapy. One late death occurred three months after operation due to viral encephalitis. Previous reviews have considered the etiology of ruptured aneurysms of the sinuses of Valsalva and resulted in classification into congenital and acquired forms. The latter may result from infection (SBE, syphilis, bacteria or fungi) and direct, penetrating or blunt trauma, including surgical trauma attended on closure of a high ventricular septal defect or removal of extensive calcification during aortic or mitral valve replacement. The question arises as to the original etiology in those cases secondary to endocarditis. Did the endocarditis arise on the anatomic deformity (an unruptured sinus of Valsalva aneurysm ), resulting in rupture, or did the infection cause the erosion on a normal sinus? As yet, this question has not been settled, and we have insufficient evidence to answer.
The most widely accepted explanation for the congenital origin derives from the work of Edwards6 (Fig 2) . This showed a defect in the fusion of the aortic media and annulus fibrosis of the aortic valve. Abbott,' in 1919, advanced the theory that a weakened area caused by failure of fusion of the bulbar septum and aorta resulted in an area that could be dilated by the systolic blood pressure. This latter theory well accounts for the occasional association of ventricular septal defect observed in two of our patients and also reported by Bonfils-Roberts et ale from the Mayo Clinic. Details on surgical correction of the acquired and congenital defects have previously been reported and reviewed.E12 With respect to the best exposure and repair of the fistula, we have come to regard the original suggestion of ShumackerI3 that the fistula be exposed via both the aortic root and the recipient chamber. This allows closure of the defect with careful examination of the aortic sinuses, valve leaflets and annulus in order to allow precise placement of the sutures and prevent distortion of the aortic valve mechanism.
As in the case with other infective processes of the heart, we support the ideal of bacteriologic sterilization by intensive antibiotic therapy as long as the hemodynamic status will permit this additional time to be spent.
Eleven patients with ruptured aneurysms of the sinuses of Valsalva were treated at the Toronto General Hospital and Hospital for Sick Children over a 14-year period, from 1957 to 1971. None of the cases was associated with uncontrolled infection, although in three there was a history of endocarditis, with successful antibiotic therapy. Whether the endocarditis originated on a congenital deformity or arose de novo and caused the resultant fistula cannot be ascertained. Ventricular septal defects were associated with the aneurysm in two patients, with aortic insufficiency also in one of these. All lesions were repaired at the time of definitive operation, ten patients survived operation and, aside from the one who succumbed three months later of viral encephalitis, were completely relieved of all symptoms. These results support the need for early and definitive investigation, including right and left heart catheterization and selective angiography. The search for an infective organism is essential should the clinical condition suggest, but should not unduly prolong the indicated surgical intervention. All associated lesions are best corrected at the time of the definitive repair, and in all situations it has been possible. The course after operation suggests that complete return of normal hemodynamics is possible, with the resultant disappearance of all symp toms and no recurrences of endocarditis. 
